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TRANSONICMACHNUMBERDI~TR~UTIONSOVER
DIAMOND-SHAPEDAIRFOILS
By H.ReeseIveyandKeithC.Harder
SUMMARY
/
A veloci~-correctionf rmulaisproposedforthepurposeof
calculating,fromtheknownMachnumberdistributionfora diamond-
shapedairfoilata streamMachnumberof 1.0,Machnumberdistributions
onthessmeairfoilat speedsfroma Machnumberofabout0.8to shock-
attacbnentMachnumber.Thetimerequiredto calculatetheseadditional
Machnumberdistributionsi smallincomp~isonwiththetimerequired
by rigorousmethods.TheaccuracyoftheresultsforstreamMachnumbers
near1.0isof the.sameorderas theaccuracyof theknownMachnumber
distribution.Moreover,theresultstendtobecomeexactasthestream
Machnuniberisincreasedtowardthatforshockattachment.An expression
fortherateofchangeoflocalMachnuniberwithstresmMachnumberis
derivedandan explicitequationforthedragcoefficientasa function
of streamMachnwiberandthicknessratioisgiven.
INTRODUCTION
Thepressuredistributionfora diamond-shapedatifoilat a stream
Machnumberof1.0hasbeencalculated,byGuderleyandYoshihara
(reference1). Calculationsfora similarairfoilatfourspeedsbetween
Machnuniber1.0andtheshock-attachmentMachnumberhavebeenperformed
byVincentiandWagoner(reference2). Accordingtoreference2,
similarcalculationshavebeenmadeby Cole-atslightlysubsonicspeeds.
Theserigorousresultscorribinedwithreliablexperimentalresults
providesufficientinformationforchecldngtheaccuracyofan ap~oximate
velocity-correctionformulaproposedforcalculatingMachnumberdistri-
butionsona dismond-shapedairfoil.Theconceptsinvolvedshould
facilitatethecalculationsforothershapes.
Thejustificationfortheproposedvelocity-correctionformulais
baseduponitsgoodagreementwithexistingrigorouscalculations.
. Moreover,itisinaccordwiththegeneraltiansoticsimilarityrule,
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thespecialformofthatrulefora streamMachnumberof
agreeswithGuderley’sresultthatthelocalMachnumbers
formall departuresof thestreamMachnumberfrom1.0.
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xe
mesentPawr@ves the derivationofthemethodof calc~ation
anditsa&Licati&-for-thed terminationof theMachnumberdistributions
overa 10-percent-thickdiamond-shapedairfoilintheMachnumberange
0.80s%< 1.30. Theresultsarecmnparedwiththeearlieresults
of
of
is
Vince&iandWagoner.A briefdiscussionisgivenofthemovement
theshockwavealongtheairfoilsurfaceasthestreamMachnumber
decreasedbelow1.0.
ANALYSISANDDISCUSSION
Thevelocity-cc?rrectionformulatobe presentedfordiamond-shaped
airfoilsisbaseduponthecombinationftwoheretoforeunrelated
concepts.Oneconceptisobtainedfromthespecialformofthetransonic
similarityYule(reference3) whenthefreestreamis sonicandthe
otherfromanexaminationfthetransonicapproximationforPrandtl-
Meyerflow.
Transonicsi.milari~ruleforsonicstream.-Theformofthetransonic ,
similari@rulefora sonicstresnisderivedintheappendixandthe
resultobtainedis
M2 2/3c(x)-1=5 (1)
whereM
thebody
ratioor
isthelocalMachnuniber,C(x)isa functiondependingupon
shape,and S isa parameter(suchastheairfoilthickness
theangleofflowdeflectionforPrandtl-Meyerflow)usedto
differentiatebodiesofthesamefamily.Theconceptobe obtained
fromthesimilari~ruleistheroleplsyedby C(x).Forthepurpose
of thispaper,itis sufficientto considertheflowpastthenoseof
a wedgeandthePrandtl-Meyerxpansionarounda convexcorner.The
flowdeflection5 istakenaspositiveforthewedge(compression)and
negativeforthePrandtl-Meyercorner(expansion).Thestreamis sonic.
Eqyation(1)maybe appliedtobothof theseflowsbut C(x)willbe
differentfor.thetwocases.ForPrandtl-Meyerflow C(x)isa constant
andfortheflowpastthewedge C(x)correspondsto theMachnuniber
distributiongiveninreference1, Thus, C(x)determinestheshapeof
theMachnuniberdistributionalongthesurface.An illustrationf
equation(1)ispresentedinfigure1 to showtheroleof C(x). It
shouldbe noted(fig.1) thatallcurvesoriginse atthepointM = 1, -
8=0. As 5 isvariedfromzero, 7l#’-lm 823 forallpointson
eithersurface.
.
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TransonicapproximationforFkandtl-Meyerflow.-Theconceptof
theroleplayedby 5*,theamounthefreestieamustbe deflectedto
reachsonicvelocity,maybe illustratedby consideringPrandtl-Meyer
flow. ForPrandtl-Meyerflow,inordertoreachsonicvelocitythe
streamustbe deflectedthroughanan@e W, @ven approximately
by (fromreference3 fith 2(Mm- 1)&eplacedby(Mm2- 1)):
. .
/’2 ,]3/2
where I& isthestreamMachnumberand C
the,ratioof specificheats.Thevalueof & istakentobe positive.
Inasmuch
consideredto
forthelocal
as,forPrandtl-Meyerflow,theflowdeflectionmsybe
consistofmorethanonedeflection(fig.2),theexpression
Machnumbermaybe written:
M2-l=C6w8*2/3 “ (3)
where 5 istakenastheflowdeflectionfromthefree-streamdirection.
Fromequation(2), & = O when Mm = 1, and,forthiscase,equation(3)
reducestothe&anSonicsimilari~rule. A plotofequation(3) is
showninfigure3. It is importantto notethatthecurvefor M=->l
isthesameasthecurvefor Mm = 1 exceptthattheoriginofthe
M. >1 curvehasbeenshiftedtothepoint 8+. Thisresultshowsthat,
forPrandtl-Meyerflow,theexpressionfor @ . 1 is ofthesameform
asthetransonicslmilari~rulefora sonicstream,providing5 is
measuredfromthe & direction.
Veloci@-correctionformulafordismond-sjmpedairfoil.-The
fundamentalssumptionmadeto developa velocity-correctionformula
forthediamond-shapedairfoilisthattheconceptof C(x)obtained
fromthesimilari~rulefora sonicstreamandtheconceptof 5*
illustratedby fiandtl-Meyerflowmaybe conibinedintheform
M2 - l=c(x)5- ~ I2/3 (4)
It shouldbe emphasizedthatequation(4)isbaseduponan assumption
andisnotclaimedtobe rigorous.Typicalplotsofeqpation(4) are
giveninfigure4.
The C(x)usedforthediamond-shapedairfoilisobtainedfromthe
solutiongiveninreference1 forthisairfoilfor Mm = 1. Thus,
?+
2
c(x)- -1 (5)
523 M~=l’
<
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numberisgreaterthan1.0,theflowmustbe
throughan angle 5*)toreachsonicvelocity.
thetransonicsmall-disturbancetheory,the
causedby a shockwaveisisentropic.Thus,to
thesameorderofapproximation,5* maybe determinedfromeither
Prandtl-Meyerflowor shock-waver lations.It canbe shownthat 5*
computedfromshock-waver lationsobeysthetiansonicsimilarityrule;
thatis,
&2-l=K*
&2/3
(6)
where @ isa constant.Motethatequation(6) isverysimilarto
equation(2)whichisvslidforPrandtl-Meyerflow.Thevaluesof 5*
usedinthecomputationsweretakenfromshock-wavetablesto insure
thattheresultsobtainedbytheuseofequation(4)wo~d fa~ smoot~Y
intothosegivenby shock-expansiontheory.Theangle 5*,basedon
shock-waver lations,is shownasa functionof Mm infigure5.
Theconceptof 5* previouslypresentedappearsto havep~sical
significanceonlyforstreamMachnumbersgreaterthan1.0. In order
to calculateflowswitha streamMachnmiberlessthan1.0,thecurve
for 5* wasextrapolatedby assumingthat 5* wasan oddfunction
of Ma2- 1.
Eqxation(4)containsthetransonicsimilarityruleas a specialcase.
Eliminating& fromequations(4)and (6) leadstothefollowing
equation:
— —
M2 -
[
l=c(x)#% -(i2-9’212’3,*
When Mm= 1,thelocalM2 - 1 distribution
asrequiredby thetransonicsimilari~rule.
1 (7)
isproportionalto ~2/3
Moreover,when M. and
b are variedsothat
(W2 -.712
6 remainsconstant,theexpression
forthelocalMachnuniberatthesurfacebecomes
‘. —-. ————- .——. . .— ————. — -——— ----— --——— —. ——-.-—— .,.
.NACATN 2527 ~.
Thisexpressionis inagxeementwiththecorrespondingresultofthe
transonicsimilarityrule.
Equation(4)isalsoinaccordwiththeresultofGuderley(’J(reference4) that & ~ ~ = O forallsha~eshavingfinitethiclmess.m=
Thus,fromequation(’7), ata fixedpositionx,
all ~(x) 3/$&Mm2-1 1/2()—=—dbfm K* F ~2-1 (8)
and‘hence
()TheresultofGuderleythat ~w &.1 = O hasbeenusedbyVincentiand
()Wagoner(reference2) t.o btaintheresultthat ~ 2w Mm=l ()‘-~cdM=~ co
where Cd i8 the drag coefficient.Themethodofthepresentpaper
givesthissameslopeofthedragcurveat Mm= 1.
At a speedslightlyabove”thatforshock-waveattachment,helocal
Machnumberoverthefronthalfof thediamond-shapedairfoilbecomes(kalsonic. Equation(8) gives—d% .1=m forthiscondition,whereas
shock-wavetablesindicatethat
()g =1
isex&emelylargebutfinite.
Thisdifferenceb tweeninfinityanda verylargequantityisofno
practicalimportanceinthepresentconsiderations.
Iftheproposedvelocim-correctionf rmulaistoyieldgoodresults
throughoutthespeedrangefrom Ma = 1 tothespeedforshockattach-
ment,theresultshouldfairsmoothlyintothoseforpurelysupersonic
flowwithattachedshockwavesandalsointothoseforsubsonicstream
Machnunibers.Forthecaseofflowwithattachedshockwaves,5* is
greaterthan 5 andthesupersoniclocalMachnumbersmaybe estimated
by expandingarounda Prandtl-Meyercornerfromthe 5* directionto
the 8 directionbyuseofequation(3) or,preferably,theexact
. —. -- .... —.. — ..-.
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expressionforFrandtl-Meyerflowforthedeflection
Machnumberdistributionswerecalculatedbyboththe
andby theexactshock-expansionmethod(reference~)
thickdiamond-shapedairfoilintheMachnuniberrange
w -6.” Local
presentmethod
fora 10-percent-
1.28s~s 1.53.
ThemaximumdifferenceinthelocalMachnumberspredictedbythetwo
methodsinthisspeedrangewaslessthan0.01. Thisagreementindicates
thattheproposedveloci~-correctionf rmulanotonlyfairssmoothly
intotheattached-shockcalculationsbutmayalsobe usedas a means
forcalculatingsuchflowswithgoodaccuracy.
Thecalculationfortherearhalfofthediamond-shapedairfoil
at subsonicspeedsisbeyondthescopeofthispaperbecauseofthe
presenceofa shockwaveontherearsurface.Thelocationandstrength
ofthisshockwaveseemtobe stronglyinfluencedbyviscouseffects.
Thegeneralshapeofthecurveof dragcoefficientagainstMach
numbercalculatedby meansofequation(4)isverysimilartothe“possible
interpolated”drag-coefficientcurvegiveninreference2 exceptnear
attachmentMachnumber.
Theapplicationfthemethbdto thefrontandrearsurfacesofthe
airfoilaretreatedseparately.
Applicationtafrontsurfaceof diamond-shapedairfoil.-In the
signconventionadopted,& isalwayspositive(~ ~ l). Fora wedge,
theflowissubsonicif 5 - & >0 andsupersonicf b - 5*<0.
WhenthelocalMachnumbersaresubsonic,the C(x)givenby equation(5)
isused.WhenthelocalMachnumbersar-esupersonic,Prandtl-Meyer
conceptsareemployedaspreviouslydiscussed.
Figure5 showstheangle 5* forsonicflowfora wedgeas a
functionof streamMachnumberas calculatedfromshock-waver lations.
Thiscurveismoreaccuratethanthatgivenby equation(6) sinceK*
isnotquiteconstant.Thedifferenceb tweenW andthelocal
slope5“isa measureofthedeviationof @ - 1 fromzero.Figure6
showsthevariationofthe M2 - 1 distributionsforthefronthalf
oftheairfoilwiththestreamMachnumber.Theseresultswereobtai=d
bymultiplyingthe-M2 -“1 distributionfor I& = 1 (reference1)by
()
6- 8*2/3
the factor— where b isnowconsideredthewedgethickness6
ratio.Figure7 presentsthecorrespondinglocalMachnusiberdistributions.
Reexaminationfequation(4)indicatesthatthepro~sedveloci~-
correctionformulaisequivalenttotheassumptionthatthelocalMach
numberdistributionverthefrontsurfaceofa diamond-shapedairfoil
..
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isthesameas thatfora tl&er airfoilina sonicstresm;thatis,
5- 5* maybe consideredas theeffectiveairfoilthicknessbe ina
sonicstream.Figure8 shows,forexample,thata 10-percent-thick
wedgeat a streamMachnuniberof1.167hasthesameeffectivethickness
asa p-percent-thickwedgeina sonicstream.A 10-percent-thickwedge
at Mm= 1.278will havethesameMachnuder distributionasa flat
plateina sonicstresm;namely,M = 1.
Applicationtoresrsurfaceofdiamond-shapedairfoil.-Forall
Machnumbersbelowshockattachment,helocalMachnumberemains1.0
justaheadofthecorner,andthereforethePrandtl-Meyerxpansionat
thecorneremainsconstant.TheMachnumberdistributiontherear
is consideredtoresultfroma Prandtl-Meyerxpansionandthereflected
compressionwavesfromtheso”nicline.A sketchillustratingthis
influenceon theresrsurfaceisgivenasfigure9. Thesubsonic
influence(duetoreflectedcompressionwavesfromthesonicline)must
decreasetozerowhenthelocalMachnumberdn thefrontbecomesonic.
Thesubsonicinfluenceontherearisassumedtovw withstreamMach
numberinthesamemannerasthesubsonic
fortherearisproportionalto
flowover~hefrontand C(x)
.
(@ -l)m - (M2’-l)M@=l
* where(M - l)pM correspondsto theMach
I
Meyerexpansionthroughan
influenceontherearfor
5*2/3
“( )
6-by thefactor—
‘6
angle25. In
numberobtainedby a Prandtl-
otherwords,thesubsonic
Mm= 1 givenInreference1 ismultiplied
to obtain-thesubsonicinfluenceat other
Machnumbers.ThecorrespondingM2 - 1 and M distributionsare
shownin figures6 and7, respectively. -
Figure10givesthepressuredistributions,basedupontheexact
formulaforthepressurecoefficient,correspondingto theMachnumber
distributions(0.8~ ~~ 1.3) offigure7. Notethatthepressure-
distributioncurvesforma confusedpattern,whereastheMachnumber
distributioncurvesaremoreuni#’orm.Thisbehaviorindicatesthat
studiesoftransonicflowphenomenashouldbe interpretedintermsof
Machnumberatherthanpressurecoefficient.
-~
Figure11presentsa comparisonofthe
calculatedby thepresentmethodwiththose
a 10-percent-thickdismond-shapedtinfoil.
Machnumberdistributions
calculatedinreference2<for
TheMac~ntier distributions
8obtainedinreference2 arepresented
inreference2 becausetherewassome
WCA ~ 2527
astwocurves.Thischoicearose
questionwhetherM2 - 1 should
be replacedby2(M- 1). Forthe10-percent-thickdiamond-shaped
airfoil,theMachnumberisknowntobe exactly1.0justaheadofthe
cornerand1.485justafterthePrandtl-Meyerxpansionatthecorner
forinvfscidflow.
Dragcoefficient.-Figure12 showsthevariationof dragcoefficient
withstresmMachnmiberforthe10-percent-thickdiamond-shapedairfoil.
Separatecurvesarepresentedforthefrontandrearsurfacesinorder
to emphasizethechangeinrelativeimportanceofthedragcontributed
by thetwopartsastheMachnumbervaries.An attempthasbeenmadeto
reproducefaithfullythe~culisritiesandbreaksin thecurve,especially
as thelocalMachnumberonthefrontsurfacebecomesonic.The
presentresultsfairsmoothlyintotheexactsupersonicresults;in
fact,thesupersonicresultscanbe obtainedtoa highdegreeof accuracy
by thepresentmethod.
Figure13presentsa comparisonofthedragcurvegivenbythe
proposedmethodwiththe“possibleinterpolatedcurve”ofreference2 ~
fora 7.87-percent-thickdiamond-shapedairfoil.The“boxes”shown
infigure13representthechoiceof dragcoefficientswhicharedueto
thechoiceofpressurecoefficientsandstreamMachnumberspresented
inreference2. Thetwocurvesareverysimilarexceptnearattachment
Machnumber.Reference2 showsa fairlysmsllslopeforthedragcurve
inthisregion,whereashock-expansiontheoryandthepresentmethod
indicatethatthisslopebecomesextremelylarge.
By useof thepresentconceptsan explicitexpressionmaybe derived
forthedragcoefficientofa Uamond-shapedairfoilfor ~ ~ 1. The
dragcoefficientmaybe expressedintkrmsoftheairfoilthickness
ratio 5
Exceptin
beenused
andaveragepressurecoefficient~ asfollows:
cd = (5‘front )- F’e=
theequationstofollow,theexactpressurerelationshave
throughoutthispaper.If theexactexpressionforthepressure
coefficientwereusedint~-analysisto follow,theformulaobtained
forthedragcoefficientwouldyieldthedragcurveshowninfigure12.
However,forthesakeof simplici~,thefollowingapproximater lation
obtainedfromBernoulli’sequationandlimitedtoMachnumbersinthe
neighborhoodfuni~ isused:
P%
[ 1-7:1 (M2-1)4#1)
.
.
—.—. ._
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Then
. 9
?
#-lwhere ~(x)F = forthefrontsurfaceat & = 1 and ~
82/3 ,
(M2- 1)~ - (M2- 1) J
R
~(x)R= fortherearsurfaceat I& = 1.,
&/3
ForPrandtl-Meyerflow,M2 -
1=(3 * ‘)2’3,and‘eplaci~
~(x)F and ~(x)R intermsofthedrag-coefficientfor Mm= 1 leads
to thefollowingapproximateexpressionforthedragcoefficient:
.,
where c% isthe& ag coefficientfor Mm = 1. . .
,
i
Equation(9)isnotsufficientlyaccurateforgen&al
Ur&
e becausef
oftheratherseverelimitationsoftheapproximatepr+ss formula “
butisusefulforillustratingthevsriationofdragcoefficientwith I+“
streamMachnumber. ,
Equation(9) separatesthedragcoefficientfora df ‘ohd-shaped
airfoilintotwoterms: r(1)a supersonictermcontributeby thePran%%~-
Meyercornerwhichremainsconstantand(2)a stisonicte~which d,
decreasesto zerointhevicini~.of shock-attachmentMachnumber.
lz/ibutedby theAt streamMachnumberslessthan1.0,thedragCon
supersonictermisnolongerconstantbutisdecreasbd,b~causea ho~
wavemovesforwardalongtherearsurface.Thisfofitid’movement.
decreasestheextentofthesupersonicregionwhich:i$graduallyrepiaced
by thesymmstr~calsubsonicpressuredistribution.,Theetiktenceof a
shockwaveontherearsurfaceatthesespeedsmakesthecalculationf
thepressuredistributionverydifficultsincetheJocationof theshock
waveis stronglyaffectedby boundary-layer-separation.Forthisreason,
thetotaldragcoefficientsinthesubsonicrangearenotpresented.
. ;... . . .. . . . . . . ... ——__ -. ._. - __ ..- ______.. . —_...__ -., ____
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CONCLUDINGREMARKS
A veloci~-cmrectionformulahasbeenproposedforthepurposeof
calculating,fromtheknownMachnumberdistributionfora fismond-
shapedairfoilat a streamMachm= of1.0>Mach@er distributions
onthesameafifoilat speedsfroma Machnurberofabout0.8to shock-
attachmentMachnumber.Theformulaexhibitsthefollowingproprties:
(1)Theformulacontainsthegeneraltransonicsimilarityruleas
wellasthespecialformfora sonicstream.
(2)ThelocalMachnuuiberoverthefrontsurfaceoftheairfoil
is1.0atthecorrectstieamMachnumber.
Wtin(~)ml dragcoefficientisthatgivenby GuderleyandYoshihara
co=”
(4)Therateof changeofdragcoefficientwithstreamMachnumber
at M== 1 isthesameasthatgivenbyVincentiandWagoner.
(5)CalculatedMachnuniberdistributionsareinagreementwith
calculationsbasedon shock-expansiontheoryaboveshock-waveattachment
Machnumbers.
(6) TheformulareducestotheproperformforPrandtl-Meyerflow.
PressureandMachnumberdistributionsfora 10-pxcent-thick
diamond-shapedairfoilarepresentedfortheMachnumberange
0.8~Mm51.30 ThevariationoflocalMachnumberdistributionwith
streamMachnumberisregular,whereasthepressure-distributioncurves
forms confusedpattern.Thisbehaviorindicatesthatstudiesof
transonicflowphenomenashouldbe interpretedin termsofMachnumber
ratherthanpressurecoefficient.
By theuseofthevelocity-correctionformulaproposedin thepresent
paper,anapproximateexpressionisderivedforthedragcoefficient
of a diamond-shapedairfoilasa functionof streamMachnuniberand
thicknessratio.Thedragcoefficientis separatedintotwoterms:(1)a
supersonictermcontributedby thePrandtl-Meyercornerand(2)a subsonic
termwhichdecreasestozerointhevicinityofattactientMachnumber.
In itspresentform,theproposedveloci@-correctionf rmula
appearstobe applicableonlyto di~ond-shapedairfoilsattransonic
.—— . -—.——— _—.—
.— ——— - —— ..-7—.— -— — -
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speedsandwillprobablyreqy.lremodificationifitistobe applied
to curvedairfoils.Presumab~,thepresentconceptsmaybe usedto
obtaincorrespondingrelationsfora cone.
LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics
LangleyField,Vs.,August15,1951
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APPENDIX
DERIVATIONOF TRANSOIiICSIMILARITYRULEFORA
Theresultspresentedinreference3 haveshown
perturbationvelocitypotential@ isdefinedby
u=a*+@x 1
>
where a* istheveloci~of soundfor M = 1,and
Cartesiancoordinatesthetiansonicapproximationto
eqpationfortheflowof a compressiblefluidmaybe
In addition,when 2(M- 1) isreplacedby M2 - 1,
SONICSTREAM
that,whena
(Al)
xandy are
thedifferential
writtenas
Also,fromreference3,theappropriateboundaryconditionsfor
eqyation(2)whenthestresmis sonicare
andat infinity
@x=&.()
(A2)
(A3)
(A4)
(A5) ‘
where b denotestheairfoilthicknessratio,c isthechord)and~h
isa functiondescribingthebody shape.
A solutionZ1(XI,Y1)ofequatiom(W), (A4)Yad (A5)iSassumed
tobe known.Twoflowsareconsideredtobe similarifa solution
@2(x2,Y2)satisf@W e~tio~ s~l~ to (~)~ (Ax)}ad (A5)canbe
.
%—.— .—-— — —.-. c—— .—. —. —.,— —.— -------. —.. -.-
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relatedto @l. Inparticular,similaritywillefistprovidingA,B, C
canbe sodeterminedt%at
Y2 = w~ J
if,inaddition,@l and @2 both.satisfyequation(A2);and>
(A6)
(A7)
andat infinity
Withfullgenerality,‘cl’maybe takenequalto ~ since
bothbodiesue intheflowfieldwhichextendsinfinitelyfarin every
direction.If c1= C2,then B = 1. Flowsinvolvingclifferentvalues
of Y neednotbe consideredinthisanalysis,whichisprimarily
concernedwiththeresultfora particulargas- namely,air.
Ifboth @l and’@2 areto satisfyeWtion (A2)~ itiseasily
foundthat
AC2. 1 (Ah)
Fromequations(A6)and(A7)’
\
()@lyl(x,?)= %h : ()= ; @2y2(%o)= ; %@:
fromwhich
(A9)
‘L . . . . . . . .. . ..- -.. —— —-- -—. —-- .—. ——. -—- .— -—-— ..-.— _ ,----- -—- ——. — . . ..-—
: 1 .:,
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momequations(A8)and(A9),
(Ale)
~ (All)
IYOIUequation(A3)
and,fromeqyations(All)and(AU),
M22-1=52
2/3MI*- 1
~
Inasmuchas 91 &s assumedtobe the-knownsolution,thevalue
~2-~
of ~ atthesurfacemy.be replacedby C(x),a knownfunction,
2/381
andthetransonicsimilarityrulefora sonicstreamyieldstheresult
that,onthesurface,
M?-1 = 52/3c(x) (A13)
— _——__
--—. ------- ..— —
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Figure ~.- Variation of 6* with stream Mach number.
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Figure6.- Calculationf $ 1 1 distributionfor10-percent-thick
diamond-shapedairfoil.
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Figure 7.-bcal Mach number distributions on 10-percent-th3.ck
shaped 8iItOil.
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Figure8.-Illustrationfmethodof calculation.
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Figure10.- Pressuredistributionsona 10-percent-thickdiamond-
shapedairfoil.
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Figure Il.- Comparison of Mach number distributions on a 10-percent-thick
diamond-shaped airfoil.
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Figure 12.- Drag ”coefficientfor a l.O-percent-thickdiamnd-shaped airfoil
aE a function of Mach number.
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Figure 13.. ComRsrison of curves of drag coefficient for diamond-shaped
—.
airfoil. 6 = 6.0787.
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